Abstract. Astilbin has anti-inflammatory and immunoregulatory effects, and is frequently used in prescriptions treating psoriasis; however, the mechanism remains to be fully elucidated. In the present study, the effect of an astilbin microemulsion on a psoriasis-like model in guinea pigs was examined, and the underlying mechanism was investigated. The levels of interkeukin (IL)-6, IL-17A and IL-22 were determined using fluorescent reverse transcription-quantitative polymerase chain reaction analysis and enzyme-linked immunosorbent assays. The phosphorylation of p38 and extracellular signal-regulated kinase (ERK)1/2 was detected using western blot analysis. Compared with the untreated control, astilbin significantly ameliorated the lesions induced by propranolol hydrochloride. The effect of astilbin on cytokine levels were cytokine-and drug-concentration-dependent. At a concentration of 2.22 µM, astilbin decreased the mRNA expression levels of IL-6, IL-17A and IL-22 in lipopolysaccharide (LPS)-induced HaCaT cells by 89, 69.1 and 69.3%, respectively. However, 2.22 µM astilbin had no effect on the protein expression of IL-17A, and decreased the protein expression levels of IL-6 and IL-22 by 79.2 and 49.5%, respectively (P<0.05). At a concentration of 11.10 µM, astilbin decreased the mRNA expression of IL-6, which was significantly induced by LPS, and significantly (P<0.05) decreased the protein expression levels of IL-6 and IL-22. Additionally, astilbin inhibited the LPS-induced activation of phosphorylated p38. These results suggested that astilbin has the potential to be developed into a topical drug for the treatment of psoriasis via the inhibition of inflammatory cytokines.
Introduction
Psoriasis is an immune-mediated autoimmune skin disorder, which is characterized histologically by inflammatory cell infiltrate, hyperproliferative keratinocytes in the epidermis and hyperplasia of the dermal papilla, and affects 1-3% of the population worldwide (1) . Several methods are used to treat psoriasis, including ultraviolet treatment, topical or systemic drugs and biological therapy. However, the limited long-term effectiveness, severe side effects, high cost and frequency of relapse associated with these treatments, and satisfactory treatment in only 27% of patients, novel therapies are required (2) .
Astilbin, 3,3',4',5,7-pentahydroxyflavanone-3-[6-deoxy-(1-mannopyranoside)], the structure of which is shown in Fig. 1 , exists widely in herbs, including Smilax glabra Roxb (3), Dimorphandra nollis (4), Engelhardis roxburghiana (5) and Astilbe chinensis (6) . Astilbin has a wide range of pharmacological effects, including inhibiting the adhesion of T lymphocytes (7) , effects against experimental diabetic nephropathy (8), inhibiting contact hypersensitivity (9) , inducing immunosuppression (10) , and decreasing function- (10) , and decreasing function- (10) , and decreasing functionally activated T and B cells (11) . All of these properties are associated with the mechanisms controlling psoriasis.
Therefore, in the present study, the effect of astilbin emulsion on a propranolol hydrochloride-induced guinea pig model of psoriasis was investigated, and the underlying mechanism was examined in an immortalized human keratinocyte (HaCaT) cell line stimulated by lipopolysaccharide (LPS). The results showed that astilbin had anti-psoriatic effects, and the mechanism involved inhibiting p38 mitogen-activated protein kinase (MAPK), with subsequent inhibition of interleukin (IL)-6 and IL-22.
Materials and methods
Drugs and reagents. Astilbin (purity >98%) was purchased from Purui Technology Company (Chengdu, China). Propranolol chloride (purity >98%) was purchased from Maiyuan Chemical Reagent Co. (Wuhan, China), and the 9.5% astilbin microemulsion and 5% propranolol emulsion were prepared at the Pharmaceutical Laboratory of Guangdong Hospital of Chinese Medicine (Guangzhou, China The HaCaT cell line was purchased from the China Centre for Type Culture Collection (Wuhan, China). The cells were cultured in RPMI-1640 supplemented with 5% FBS, 10 µg/ml of streptomycin and 10 U/ml of penicillin, and were incubated in a humidified atmosphere with 5% CO 2 and 95% air at 37˚C.
In vivo experiments. The animals were housed in a 24˚C humidity-controlled room with 12-h light-dark cycle and allowed free access to standard diet and tap water. following acclimatization for 1 week, the guinea pigs were randomly divided into a control group (n=6) and model group (n=12). The ears of the animals were shaved in the model group, and a 5% propranolol emulsion (0.2 ml/ear) was administered topically three times a day to induce psoriasis-like lesions. After 8 days, the model was established (12) .
The animals in model group were then separated into a model control (n=6) and experimental (n=6) group. A 9.5% microemulsion of astilbin was administered topically to animals in the experimental group at a dose of 0.2 g/ear once per day, whereas the animals in the model control group were topically administered with the same quantity of blank emulsion. After 1 week, all guinea pigs were sacrificed and the ears were cut for the preparation of paraffin sections with thickness of ~5 µm, which were stained using hematoxylin and eosin for histopathological evaluations using the Olympus microscope CX31 (Olympus Corporation, Tokyo, Japan), Baker scores were assigned (13) according to the criteria shown in Table I .
Cell growth assay. A 5.0-mg quantity of astilbin (>98% in purity) was precisely weighed and dissolved into 50 µl dimethyl sulfoxide as a stock solution (222 mM). Prior to experiments, the stock solution of astilbin was diluted in PBS and then prepared to the experimental doses.
The growth inhibition induced by astilbin in HaCaT cells was assessed using an MTT assay. The cells were seeded in a 96-well plate at a density of 2,000 cells/well and cultured for 24 h to allow the cells to adhere to the plates. Subsequently, the cells were exposed to the presence or absence of different concentrations of astilbin, (6.66, 13.88, 27.75, 55.50 and 222.00 µM) in RPMI-1640 medium. The plates were placed at 37˚C for 24 h, following which 20 µl MTT (5 mg/ml) was added to each well of cells, and the reaction was allowed to proceed at 37˚C for 4 h in the dark. The supernatant was then collected and the cells were washed with PBS. The formazan salts produced were dissolved with dimethyl sulfoxide, and the absorbance was measured at 570 nm using a Vector 5 multinm using a Vector 5 multinm using a Vector 5 multifunctional immune analyzer (PerkinElmer, Inc., Waltham, MA, USA).
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis of the mRNA expression levels of IL-6, IL-17 and IL-22.
Following pretreatment with astilbin at different concentrations (2.22 and 11.10 µM) for 24 h and subsequent treatment with LPS (5 µg/ml) for 2 h, total RNA from the HaCaT cells in 6-well plates was isolated using TRIzol reagent. cDNA was generated from 1 µg total RNA and reverse transcriptase using the First Strand cDNA synthesis kit on a 7500 Fast Real-Time PCR system (ABI; Thermo Fisher Scientific, Inc.). The specific primer pairs are shown in Table II . The reaction products were detected by measuring the binding of SYBR Green I to DNA using SYBR Green PCR Master mix (Thermo Fisher Scientific, Inc.). Optimization of the amplification reaction was assured through dissociation curve analysis. The basic protocol for the RT-qPCR procedure was an initial incubation step at 95˚C for 7 min, followed by 45 cycles of 95˚C for 10 sec and 60˚C for 30 sec. All experiments were run in triplicate, and the relative expression values were normalized to the expression value of β-actin, followed by analysis using the 2 -ΔΔCq method (14) .
ELISA for IL-6, IL-17A and IL-22. Following pretreatment with astilbin at different concentrations (2.22 and 11.10 µM) for 24 h and subsequent treatment with LPS (5 µg/ml) for 2 h, the incubation media of the HaCaT cells was collected and centrifuged at 3,000 x g for 3 min at room temperature to remove floating cells. The clear supernatant was collected to perform ELISA analyses, according to the manufacturer's protocol, to assess the expression levels of IL-6, IL-17A and IL-22. The 96-well plates loaded with the samples were read at 450 nm on a Vector 5 multifunctional immune analyzer. The levels of human IL-6, IL-17 and IL-22 in each well calculated as pg/ml.
Western blot analysis of protein levels of phosphorylated p38
MAPK and phosphorylated ERK1/2. The HaCaT cells were washed twice with ice-cold PBS and lysed in ice-cold RIPA lysis buffer containing 1% proteinase inhibitors and 1% phosphatase inhibitors. The lysates were centrifuged at 20,800 x g for 15 min at 4˚C to obtain the total protein. The protein concentrations were determined using the bicinchoninic acid protein assay kit, and cell lysates containing 30 µg total proteins were separated on a 12% SDS-PAGE and transferred electrophoretically onto polyvinylidene fluoride membranes. Following incubation in blocking solution (5% non-fat milk solution in Tris-buffered saline with Tween-20) for 1 h at room temperature, the membranes were incubated with 1:1,000 dilutions of primary antibodies against p38 MAPK, ERK1/2, phosphorylated ERK1/2 or GAPDH overnight at 4˚C. GAPDH was used as control. The membranes were then washed three times using Tris-HCl with 20% Tween-80 and incubated with a 1:2,000 dilution of secondary antibody for 1 h at 4˚C. Finally, the membranes were washed three more times. Protein expression on the membranes was visualized using an enhanced chemiluminescence detection system. Densitometric analysis was performed using Quantity One software (version 4.6.2; Bio-Rad Laboratories, Inc.) to scan the signals. The signal quantities shown were standardized to the background and normalized for loading. The controls were set as 1.0, and the fold-changes were plotted in relation to the control value.
The results represent the average values of three independent experiments.
Statistical analysis. All data are expressed as the mean ± standard deviation. Data analysis was performed using the SPSS statistical software package (version 13.0; SPSS, Inc., Chicago, IL, USA). Differences between the experimental groups and control group were estimated using one-way analysis of variance (homogeneity of variances was P>0.05) for the in vivo experiment, and analyzed using an independent-sample t-test for the in vitro experiment. P<0.05 was considered to indicate a statistically significant difference.
Results

Astilbin relieve psoriasis-like lesions induced by propranolol chloride.
Topical therapy is one of the most convenient methods for psoriasis. Therefore, astilbin was prepared into a microemulsion in the present study as a topical carrier for dermatological treatment, and its effect on guinea pigs was evaluated. The results showed that, following stimulation with propranolol chloride, the ears of the guinea pigs became red and swollen, accompanied by silvery scales and lesions, which remained until the end of experiment. However, the lesions on the animals treated with astilbin were milder, compared with those in the disease control group. From the microscopic structure of the skin tissues, as shown as Fig. 2 , the tissues in the disease control group exhibited para-2, the tissues in the disease control group exhibited para-2, the tissues in the disease control group exhibited parakeratosis and hyperkeratinization in the epidermis, thickened spinous layers and papillary papillae congestion in the derma; these histopathological characteristics are similar to those of psoriatic lesions in humans. By contrast, the astilbin microemulsion reduced the lesions in the cuticular layer, the granular layer appeared, and the spinous layers and derma decreased. Based on the Baker scores, the score of the disease control group was significantly increased, compared with that of the blank group. Topical administration of the astilbin microemulsion resulted in a significant decrease in the Baker score, as shown in Fig. 3 , with an inhibition ratio of 36.5% (P<0.05). This suggested that the astilbin microemulsion ameliorated the negative effects in the psoriasis-like model in guinea pigs.
Astilbin has no effect on the viability of HaCaT cells. To investigate the effect of astilbin on HaCaT cell proliferation, an MTT method was used to detect the viability of HaCaT cells co-incubated with astilbin (6.66, 13.88, 27.75, 55.50 and 222.00 µM). As shown in Fig. 4 , no significant changes in the viability of the HaCaT cells were observed following co-incubation with astilbin at different concentrations for a 24-h incubation period. This result suggested that astilbin was non-toxic towards the HaCaT cells at the experimental dose range and may have no effect on the normal epidermis.
Astilbin inhibits the mRNA expression levels of IL-6, IL-17A and IL-22 in inflammation.
In order to identify the cytokines targeted by astilbin in the inflamed skin microenvironment, the inflammatory model of HaCaT cells co-cultured with LPS for 2 h was established, and the mRNA expression levels of inflammatory cytokines associated with psoriasis, including IL-6, IL-4, IL-10 and IL-23 (some data not shown) were determined. The results showed that LPS increased the mRNA expression levels of IL-6, IL-17A and IL-22 in the HaCaT cells, whereas astilbin inhibited the mRNA expression levels of IL-6, IL-17A and IL-22 (Fig. 5) . At a concentration of 2.22 µM, the inhibition ratio of astilbin was 89, 69.1 and 69.3% for IL-6, IL-17A and IL-22, respectively (P<0.01); however, at a concentration of 11.00 µM, astilbin only significantly decreased the mRNA expression of IL-6 (60.6%; P<0.01), with no significant effects on IL-17A or IL-22.
Astilbin inhibits the protein expression levels of IL-6 and IL-22 stimulated by LPS in HaCaT cells.
Whether changes in gene expression affect protein function depends on the subsequent protein translation. Therefore, the effects of astilbin on the protein expression levels of IL-6, IL-17A and IL-22 were detected in the same model using ELISA. As shown in Fig. 6 , LPS increased the protein expression of IL-6 and IL-22 by 36.0 and 46.5%, respectively. Compared with the LPS-stimulated group, 2.22 µM astilbin markedly decreased the expression levels of IL-6 and IL-22 by 79.2 and 49.5%, respectively (P<0.05). The inhibition ratio of 11.10 µM astilbin on IL-6 was 82.2%. These levels were similar to the results of the RT-qPCR analysis. However, unlike the results of the RT-qPCR analysis, 11.10 µM astilbin also significantly decreased the expression of IL-22 by 46.5%. Neither LPS nor astilbin had a significant effect on the expression of IL-17A.
Astilbin inhibits the expression of phosphorylated p38 in
HaCaT cells. MAPK signaling is an important signaling pathway in psoriasis by regulating inflammation and proliferation. To examine whether astilbin inhibits IL-6 and IL-22 through MAPK signaling, the present study performed western blot analysis to analyze the expression of p38 MAPK and ERK1/2. As shown in Fig. 7 , treatment with 2.22 and 11.10 µM astilbin reduced the phosphorylation activity of p38 MAPK by 62.4 and 78.0%, respectively (P<0.01) but had no significant effect on the phosphorylation of ERK1/2. These data support the hypothesis that astilbin targets p38 MAPK signaling to regulate downstream proteins, including inflammatory factors IL-6 and IL-22.
In order to confirm whether astilbin had a similar effect on the expression of IL-6 and IL-22 with p38 MAPK inhibition, the present study used SB203580, a p38 MAPK inhibitor, for co-culture with the HaCaT cells prior to LPS treatment. As shown in Fig. 8 , the p38 MAPK inhibitor suppressed the overexpression of IL-6 and IL-22 in the LPS-induced HaCaT cells, with inhibition ratios of 83.4 and 43.7%, respectively (P<0.05), exhibiting the same effect as astilbin, which suggested that astilbin had a similar role as the p38 MAPK inhibitor in the inflammatory HaCaT cell model.
Discussion
Psoriasis is one of the most challenging diseases worldwide, which lacks complete treatment efficacy. For the majority of patients with mild-to-moderate psoriasis, topical treatment is the first option. Currently, there is an emphasis on the development of more effective drugs with fewer side effects for the treatment of psoriasis.
Astilbin is an active compound of the Chinese herb Smilax glabra Roxb. Accumulated evidence has shown that astilbin exerts varied activities, which may be associated with psoriasis (15) . However, whether astilbin can be developed into a topical agent for psoriasis remains to be fully elucidated. In order to investigate this, the present study successfully prepared astilbin into a microemulsion and examined its effect on a psoriasis-like model in guinea pigs. The results showed that the topical administration of astilbin significantly ameliorated the psoriasis-like lesions stimulated by propranolol.
Based on the in vivo results of astilbin, the present study aimed to define the mechanism of astilbin in direct contact with inflamed or hyperplastic epidermal cells. Therefore, inflammatory HaCaT cells induced by LPS were used in the present study to examine how astilbin affected the epidermis cells. Astilbin was expected to suppress the proliferation of HaCaT cells, however, the results showed that astilbin had no effect on the proliferation of HaCaT cells, suggesting that anti-proliferative activity is not involved in the mechanism of astilbin.
Previous studies have indicated that astilbin has immunosuppressive activity in certain inflammatory diseases, including contact dermatitis, liver injury and colitis (16, 17) , and that certain anti-inflammatory drugs, including glucocorticoids, have anti-psoriatic effects. This suggested that the anti-psoriatic effect of astilbin may be through anti-inflammatory effects. Cytokines are indicators of inflammation, and IL-6, IL-17A, IL-22, IL-23, IL-4 and IL- 10 (18-20) are all upregulated in psoriatic lesions, a number of which have been used as a drug target and associated with disease severity. Therefore, the effect of astilbin on these cytokines was investigated in the present study. The results showed that astilbin decreased the expression of IL-6 and IL-22 at the mRNA and protein levels, and inhibited the expression of IL-17A at the mRNA level only. Taken together, these results suggested that astilbin targeted IL-6 and IL-22 to improve the microenvironment in the epidermis, rather than suppressing the normal proliferation of keratinocytes.
IL-6, IL-17 and IL-22 were all elevated in psoriatic skin. IL-6 is a multifunctional cytokine, which can be produced by keratinocytes in response to certain stimuli, including LPS (21) . In psoriasis, IL-6 can directly promote epidermal hyperplasia and affect the function of dermal inflammatory cells (22) . According to previous reports, astilbin decreased the serum cytokine level of IL-6 in lupus-prone mice and reduced the mRNA expression of IL-6 in LPS-stimulated J774A mice (23) (24) (25) . The results of these studies are in accordance with the present study and suggested that decreasing the expression of IL-6 is an anti-inflammatory function of astilbin, associated with the inhibition of hyperplasia and inflammatory infiltration in the psoriatic epidermis.
IL-22 was another cytokine targeted by astilbin in the present study. It has been reported that IL-22 induces features of psoriatic lesions, including inhibiting the differentiation and cornification of keratinocytes, disturbing the barrier function of the epidermis, facilitating immune cell infiltration and restructuring of the epidermis (26) . Astilbin may have suppressed IL-22 to improve lesions in the psoriasis-like model. The association between astilbin and IL-22 in HaCaT cells has not been demonstrated previously. The downregulation of IL-22 may be a novel mechanism underlying the effect of astilbin on inflammatory diseases.
IL-17A is a pro-inflammatory cytokine, which has effects on neutrophil recruitment, host defense and immuno-inflammatory diseases, and is secreted predominantly by Th17 cells, mast cells, neutrophils and dendritic cells (27) . Previous reports have indicated that astilbin decreases the serum cytokine level of IL-17A in lupus-prone mice (23) . However, the present study showed that astilbin only marginally decreased the mRNA expression of IL-17A and had no effect on the protein expression of IL-17A. The reason for astilbin having different effects on mRNA and protein levels of IL-17A is unclear, however, it may be associated with the effect of LPS on the expression of IL-17A. Although there are reports of IL-17A responding to LPS-induced lung inflammation or other microbial infections (28, 29) , these reports are based on in vivo experiments. In isolated epithelial cells, LPS or microbial infection may activate the gene activity of IL-17A and promote its transcription, however, the translation to protein depends on multiple factors, including the stability of mRNA, the abundance of specific codons and the longevity of proteins (30) (31) (32) . Therefore, further investigations are required.
The expression of inflammatory cytokines are always regulated by a signaling molecule and, in order to identify the signaling pathway through which astilbin functions in the inflammatory model, p38 MAPK and EKR1/2 MAPK were selected for investigation. p38 MAPK and ERK1/2MAPK belong to MAPKs, and have been found to contribute to the pathogenesis of psoriasis. p38 MAPK inhibitors have been developed into potential biologicals for several inflammatory diseases, including arthritis and psoriasis (33, 34) . Zou et al (35) reported that astilbin suppressed the expression of p38 MAPK in an acute heart allograft rejection model, which was involved in inhibiting activated T cells. Consistent with this, the present study found that astilbin inhibited the phosphorylation of p38 MAPK in the HaCaT cells but had no effect on the phosphorylation of ERK1/2. This suggested that astilbin may suppress cytokines via p38 MAPK and ameliorate psoriasis. In order to investigate this, the present study used SB203580, a p38 MAPK inhibitor, for co-culture with the HaCaT cells prior to LPS exposure. The results showed that SB203580 inhibited the expression levels of IL-6 and IL-22 in the same manner as astilbin, which suggested that astilbin was involved as a p38 MAPK inhibitor in the inflamed HaCaT cell model.
In conclusion, the present study identified the anti-psoriatic activity of astilbin through the use of a psoriasis model in guinea pigs. The molecular mechanism involved the suppression of inflammatory cytokines IL-6 and IL-22 via the inhibition of p38 MAPK signaling. These results indicate that astilbin, as a natural micromolecule, offers potential for development as an effective drug to treat psoriasis by targeting p38 MAPK/IL-6/IL-22.
